INTRODUCTION
β-Carbolines represent a large group of alkaloids widely distributed in nature, occurring in plants, marine organisms and insects, most importantly, in foods and in human tissues and body fluids. They have diverse medicinal properties [1] [2] [3] [4] [5] [6] such as inhibition of topoisomerase and monoamine oxidase, binding to benzodiazepine and serotonin receptors and intercalating into DNA. Dichotomines A, B, C and D, new β-carboline-type alkaloids, were first isolated from the roots of Stellaria dichotoma in 2004 7 . They showed an antiallergic effect on ear passive cutaneous anaphylaxis reaction in mice and inhibitory activity on the release of β-hexosaminidase in RBL-2H3 cells. As shown in Fig. 1 , the structure of dichotomines A, B, C and D include a chiral group respectively. Although many methodologies concerned the synthesis of β-carbolines [8] [9] [10] [11] [12] [13] , the synthesis of dichotomines is quite limited. Dichotomine C was obtained by Omura and co-workers 14 based on the microwave assisted thermal electrocyclic reaction of a 1-azahexatriene system. Nemet and Defterdarovic 15 had synthesized dichotomine A as racemic mixture via reactions of L-tryptophan or L-tryptophan methyl ester with methyl glyoxal under acidic conditions. Zhang and co-works 16 had synthesized dichotomines A, B, C and D starting from L-tryptophan methyl ester and 2,3-Oisopropylidene-D-glyceraldehyde. From this total synthesis, dichotomine A was obtained in 13 steps and only in 24 % yield. So, we developed a new synthetic method for dichotomine A, which could reduce steps and obtain a higher yield.
We chose L-tryptophan and L-lactic acid as raw material because they were inexpensive, commercially available and 
EXPERIMENTAL
Melting point was determined in capillary tubes on an electrothermal PIF YRT-3 apparatus and without correction. The optical rotation of dichotomine A was measured with a WZZ-1S polarimeter at room temperature. All reactions were monitored by analytical thin-layer chromatography and silica gel F254 was used in TLC. Merck kieselgel 60 (230-400 mesh) was used for column chromatography and ethyl acetate/ petroleum ether mixtures served as the mobile phase. The structure of all compounds was confirmed by 1 H NMR, 13 C NMR spectra and mass spectroscopy. The 1 H NMR and 13 C NMR spectra were obtained on Bruker Avance-300 NMR spectrometers in CDCl3 with tetramethylsilane (TMS) as an internal standard, unless otherwise stated. Chemical shifts were reported as δ (ppm). Mass Spectra was measured on a HP-5988 mass spectrometer and optical rotation was detected by WXG-4 polarimeters.
Synthesis of (S)-2-acetoxypropionyl chloride (10):
The mixture of L-lactic acid (7) (20 mmol) and acetic anhydride http://dx.doi.org/10.14233/ajchem.2013.14662 (6 mL, 6 .37 g, 62 mmol) stirred for 4 h at 80 ºC led to compound (8) and was cooled to 40 ºC, then the solution of water (1.2 mL) and HCl (0.1 mL) was added quickly and after being stirred for 15 min at ambient temperature, 1,2-dichloroethane (40 mL) and thionyl chloride (10 mL) were also added. The mixture was stirred for 3 h at 40 ºC and refluxed for 4 h. Then the byproduct acetyl chloride translated from the relic acetic acid and thionyl chloride was distilled off at low pressure. The obtained crude product was not purified, used directly.
Preparation of L-tryptophan methyl ester (2): Thionyl chloride was added to the solution of L-tryptophan (1) (0.36 g, 1.8 mmol) in excess anhydrous methanol (10 mL) at 0 ºC. The mixture was allowed to warm to ambient temperature and then stirred for 5 h at reflux temperature. The methanol was evaporated under reduced pressure and the residue was alkalized by 10 % sodium bicarbonate solution until the pH value was adjusted to 8-9. The solution was extracted with 1,2-dichloroethane (3 × 10 mL) and the organic phase was dried over anhydrous sodium sulfate and concentrated under reduced pressure affording compound 2 (0. 
RESULTS AND DISCUSSION
L-tryptophan and L-lactic acid are commercially available as natural products. Firstly, in order to improve the reactivity of amino group, L-tryptophan methyl ester is obtained via esterification of L-tryptophan 17 . Compound 3 can be obtained through N-acylation reaction with L-tryptophan methyl ester, L-lactic acid or L-lactic acid methyl ester. But, the yield of product is low and purification difficult. So, (S)-2-acetoxypropionyl chloride was used instead of L-lactic acid methyl ester or L-lactic acid. What was more, -NH-on compound 2 did not need to be protected because (S)-2-acetoxypropionyl chloride tended to react with -NH 2 much more easily. Due to the much quicker rate of anhydride hydrolyzation than the one of ester hydrolyzatoin in compound 8, compound 9 could be obentained by controlling the quantization of water. The obtained crude product compound 10 was not purified and used directly.
Compound 4 could be synthesized through BischlerNapieralski reaction [18] [19] [20] [21] [22] . But the cyclization reaction under catalysis of PCl 5 , POCl 3 and P 2 O 5 , gave only compound A (Fig. 1 ) which lost the chiral group. Manske 23 had reported aluminum chloride as cyclizing agent for synthesis of tetrahydroisoquinolines at 1927. So aluminum chloride was used in our synthesis route as a mild catalyst and target compound 4 was obtained in a very satisfied yield (87.3 % yield). Dichotomine A is obtained via oxidation reaction and hydrolysis reaction.
Conclusion
We have achieved a new total synthesis of dichomonine A via a modified Bischler-Napieralski reaction which aluminium chloride is used as a mild cyclization reagent instead of PCl 5 , POCl 3 or P 2 O 5 . Dichomonine A was obtained in 5 steps and in 63.9 % yield. It also provides a novel method to synthesize dichomonines B, C and D.
